INTRODUCTION
This manual provides a complete inventory of equipment in the Cleaning and Deburring Workstation (CDWS). This inventory lists equipment in the Workstation Controller system, the Deburring System, and the Part Handling and Cleaning System. A list of suppliers whose equipment is used in the CDWS is located at the end of this document in Appendix A. Pertinent references for the Cleaning and Deburring Workstation are found in Appendix B.
SYSTEM DESCRIPTION
The CDWS is one of six workstations at the Automated Manufacturing Research Facility (AMRF) of the National Institute of Standards and Technology (NIST). The CDWS cleans and deburrs the metal parts produced by the machining workstations of the AMRF. Equipment at the workstation includes a six-axis electric robot for deburring, a five-axis hydraulic robot for part handling and buffing, a washer/dryer and buffing system for cleaning and polishing, a rotary vise for clamping parts, and two roller tray stations for transferring parts.
The machined parts enter and exit the workstation on part trays placed at the roller tray stations. The part handling robot, under command of the workstation controller (WSC), grasps and carries a part either to the rotary vise or to the washer/dryer system. Normally, parts first undergo deburring, so the part handling robot puts the part in the vise where it is clamped. The deburring robot moves to the vise and begins to deburr the edges on the top side of the part, changing its deburring tool as required. If necessary, the part handling robot reorients the part, and the deburring robot deburrs the edges of the newly exposed face. If a part is to be cleaned, the part handling robot places it on the washer/dryer index table. From here, the part cycles through the washer, where a hot spray removes cutting fluid, deburring dust, and buffing compound. Once washed, the part is indexed into the dryer, where hot air dries the residual water. When all cleaning and deburring processes are completed, the part handling robot transfers the part back to the tray station.
Process planning and task scheduling are undertaken by the WSC. The WSC is a set of software routines running on a SUN computer. The WSC provides a graphic interface for user selection of finishing processes and parameters, a scheduler which allocates tasks at runtime, interfaces to the equipment level, and an interface to the AMRF cell and database.
PURPOSE OF THIS MANUAL
The purpose of this manual is to provide an equipment inventory for the Cleaning and Deburring Workstation in the AMRF. This inventory includes a list of the names and addresses of manufacturers whose products are used. This document is intended to serve as a guide to implementing a research facility modeled after the CDWS. It is not to be construed as a recommendation of commercial equipment.
HOW THIS MANUAL IS ORGANIZED
This manual is divided into five parts. The Introduction gives a brief overview of the CDWS and explains the purpose and organization of the manual. Section II provides an inventory for the Workstation Controller, the highest level of the hierarchy. Section III provides an inventory for the Deburring System. Section IV provides an inventory for the Part Handling and Cleaning System. At the end of the document are the Appendices. Appendix A provides a list of commercial suppliers whose equipment is used in the CDWS. Appendix B lists pertinent references.
WHO SHOULD USE THIS MANUAL
This manual is intended as a guide for researchers who need to specify and procure automated manufacturing equipment computer hardware and software for a cleaning and deburring research facility.
CDWS Equipment Inventory II.
WORKSTATION CONTROLLER
The Workstation Controller is a set of software modules that comprise a graphics interface for process plan generation, a robot pose generator, and a task scheduler. The Workstation Controller communicates via an ethernet network to the higher levels of the AMRF, and to the workstation equipment levels via serial RS-232 connections.
COMPUTER HARDWARE
The workstation controller runs on a SUN computer, which supports multitasking and graphics in a windowing environment. The computer has 4 megabytes of main memory, and 142 megabytes of disk memory. The monitor is a high-resolution monochrome display. Auxiliary storage is provided with a 9-inch tape drive. The computer system provides standard ethernet network support, and has been augmented with hardware for serial communication. The equipment is as follows: 
SOFTWARE
The software used to implement the workstation controller consists of the operating system, Unix, and the programming languages, C and LISP. The software is as follows: 
III. DEBURRING SYSTEM
Deburring is performed by a six-axis electric robot, which applies tools to the edges of machined parts. The robot is fitted with a quick change wrist to allow for the selection of various pneumatic tools or a gripper. A wrist force sensor provides force feedback, which is used to compensate for inaccuracies. The robot is controlled using the NIST-developed Real-Time Control System (RCS), interfaced to the vendor-supplied controller according to a slave protocol.
ROBOTIC EQUIPMENT
Deburring is accomplished with a six-axis robot. The robot is fitted with a quick-change wrist to allow for the selection of several pneumatic deburring tools. The robot controller has been modified to allow slave control of the robot via an external computer system. The equipment is as follows: 
COMPUTER HARDWARE
The robot is controlled using the NIST-developed Real-Time Control System (RCS). This system implements functions normally performed by the vendor-supplied robot controller, which have been bypassed with the slave protocol. This protocol requires that the user compute and serially download robot joint angles every 28 milliseconds. The slave protocol allows the user a much greater control over the actions of the robot, but at the price of additional user computation. The computer hardware used to control the robot in slave mode is as follows: 
SOFTWARE
The vendor-supplied robot control software, VAL, is normally bypassed when running the robot in slave mode. This software is executed at boot-up, however, to invoke the execution of the slave interface software in the robot controller. This software accepts robot joint angles which have been calculated by RCS, and sends them to the robot servo boards.
The software used to implement RCS consists of an integrated software development and programming environment, polyFORTH. This software provides the operating system and FORTH programming language. In addition, the language has been extended by NIST with a set of macros which provide increased functionality. This extension, SMACRO, is written in FORTH and FORTH assembly language. The software is as follows: 
PART HANDLING AND CLEANING SYSTEM
The part handling and cleaning system is responsible for bringing incoming parts into the workstation, performing part fixturing for deburring, cleaning processed parts, and placing outgoing parts in the tray stations for delivery. The equipment and software are as follows: 
BUFFING AND CLEANING EQUIPMENT
The buffing and cleaning equipment is used for polishing and cleaning the parts after deburring. Robot trajectories for buffing are currently programmed by teaching, but research is being conducted on methods to automate robot programming. Cleaning is scheduled as a pick-and-place task. Care must be taken to insure that the part is restrained during the cleaning cycle so that its position is known when it emerges. The buffing and cleaning equipment is as follows: 
COMPUTER HARDWARE
The computer hardware listed below compose the equipment controller interface. This computer interface communicates with the various commercial equipment controllers via NIST-developed hardware, to allow for automatic control of functions normally performed manually. 
SOFTWARE
The part handling robot is not run under RCS, but uses the vendor-supplied robot control software, VAL-II. However, the RCS programming language, SMACRO, is used to program the computer interfaces to the equipment control computers. These computers actuate the rotary vise, cleaning equipment, and tray station lockout mechanisms. The software is as follows: 
